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1.0 INTRODUCTION 
The General E l e c t r i c  Company, i n  a j o i n t  e f f o r t  with NASA, has been 
engaged i n  a continuing program t o  de f ine  t h e  advancements i n  component and 
system technology which w i l l  lead t o  advancod l i f t  f a n  systems applicable 
t o  v e r t i c a l  and s h o r t  tak:.off and landing (V/STOL) aircraft, The t u r b o t i p  
l i f t  f a n  concept has been shown c o n s i s t e n t l y  t o  b; an attractive eyetern f o r  
propulsion i n  V/STOL a i r c r a f t .  
Recent ly,  an a p p l i c a t i o n  was i d e n t i f i e d  rising V/STOL a i r c r a f t  t o  meet 
the Navy app l i ca t ions  i n  the  mid t o  late 1980 ~ e r i o d .  Integrated NASA 
sponsored a i r c r a f t  and propulsion studies wera conducted and succeeded i n  
def in ing  the specific requirements of t h e  turbotip fan system f o r  this Navy 
multimission a i r c r a f t .  Subsequent prel iminary design s t u d i e s  were com- 
pleted and o r e  summarized i n  Reference 1. The s p e c i f i c  t u r b o t i p  f an  system 
se l ec t ed  was a  59-inch diameter fan drfven by a growth ve r s ion  of the  597 
engine. The propulsion system c o n s i s t s  of t h r e e  gas-coupled fan systems 
and e i t h e r  two o r  three engines. T h e  f a n  system was i d e n t i f l e d  as the  
LCF459. 
I n  coincidence w i t h  t hese  act iv i t ies ,  NASA i n i t i a t e d  s t u d i e s  t o  de f ine  
a research  and technology a i r c r a f t  (RTA). The i n t e n t  of t h i s  a i r c r a f t  
program is  t o  provide a technology base d i r e c t l y  a p p l i c a b l e  t o  the needs 
f o r  the ope ra t iona l  a i r c r n f  t syoter~r. The aircraft  i s  t o  be a modif icat ion 
of an zxis tgng  a i r c r a f t  which is i n  a gross weight category comparable 
with t h e  operapional a i r c r a f t .  11, nddt t ion ,  t h e  propulsion system will be 
r e p r e s e n t a t i v e  of t he  ope ra t iona l  system, with design changes and modifica- 
t ions  c o n s i s t e n t  wi th  a low cos t ,  l o w  r i s k  approach. 
I n  suppor t  of this a c t i v i t y ,  design s t u d i e s  were conducted, under 
con t r ac t  w i th  NASA, t o  determine changes and modi f ica t ions  of the LCF459 
f o r  reduct ions  of cos t .  The gas genera tor  f o r  use  i n  the RTA Program was 
a l s o  def ined  a s  t h e  YJ97-GE-100. This engine is a  c l o s e  derivative, with 
only minor changes, of the ava i l ab l e  Y J ~ ~ - G E - ~  engine used i n  a d i f f e r e n t  
a i r c r a f t  program, 
T h i s  r e p o r t  summarizes the rectilts of these  cos t  reduct ion  s tud ie& 
directed towards d e f i n i t i o n  of t u r b o t i p  f an  system f o r  the NASA researcri 
and technology a i r c r a f t .  
2.0 SUMMARY 
Prel iminary design s t u d i e s  have defined t h e  LCF459 t u r b o t i p  f an  for 
use ns propulsion i n  a multimiseion Navy V/STOL a i r c r a f t .  NASA is a l s o  
considering a research and technology a i r c r a f t  (RTA) using similar propul-  
s i o n  systems. A study was performed t o  de f ine  those design changes of t h e  
LCF459 t h a t  would meet the requirements of t h e  RTA and st the same time 
show a  reduct ion  i n  manufacturing cost  of the fan system. Design changes 
were def ined  which y ie lded  15 percent lower f an  u n i t  cos t s .  These changes 
included t h e  following: 
w S u b s t i t u t i o n  of lower coat  m a t e r i a l s  whenever poss ib l e ,  
a Simplification of s c r o l l  geometry and mounting, 
Modified turbine-to-fan blade attachment inc luding  n new 
cool ing  system.  
a A s imp l i f i ed  i n t e g r a l  bear ing  l u b r i c a t i o n  system. 
The c o s t  of incorpora t ing  these numerous f e a t u r e s  i n  the LCF459 fan 
produced a weight i nc rease  from 386 kg (850 l b s )  to 416 kg (917 lbs). The 
design changes a l s o  represent a d d i t i o n a l  b e n e f i t s  i n  lower r i s k s  and in- 
creased r e l i a b i l i t y  over t h e  o r l g i n a l  design. 
3.1 Duty Cycle 
Tho propulsion system for a research aircraft is required t o  operate 
i n  an environment q u i t e  d i f f e r e n t  from the ope ra t iona l  system. The f l i g h t  
duty cycle involves many takeoff and landing maneuvers w i t h  s h o r t  c r u i s e  
mission legs, Thus, t h e  propulsion camponents are subject t o  a large 
number o f  cycles, This high cyclic requirement is p a r t i a l l y  offset by o 
lower des ign  l i f e  requirement .  For  t h e s e  design studies, in conjunction 
with NASA, the duty cycle and l i f e  requirements of. t h e  t u rbo t ip  fan for  t h e  
RTA were d e f i n e d ,  Figure 5: glves t he  research duty cycle which c o n s i s t s  of 
one  cruise ~niso ion ,  t h r ee  short takeoff (STOL) c i r c u i t s ,  and three vert ical  
takeoff (VTOL) c i r c u i t s  per  hour of operat ion.  
Conversion of these  daty cycles  t o  t h e  noma1 parameters requi red  f o r  
propulsion design produced t h o  breakdown a s  shown i n  the  following table: 
Cycle Comparison 
Percent of L i f e  ASW 
-
RTA 
-
VTO 
In tennediatc 
75% t o  Inter 
Less than 7% 
Cycles per  Hour 
Mission Sever i ty  
F q t  comparison, a similar breakdown is given f o r  a typical ant isub-  
marine warfare (ASW) miesion. Comparison of the  mission shows t ha t  t he  
research duty  cyc le  i s  about 15 t o  20 ttmes more severe than an operat ional  
mission. 
For the 10 percent of operating t h e  spent dur ing  takeoff and landing, 
t h e  propuls ion  components w i l l  be subjec ted  t o  r a p i d  cyclic v a r i a t i o n s  
a s soc i a t ed  with thrust modulation far  a i r c r a f t  a t t i t u d e  cont ro l ,  For these 
studies, t h e  t h r u s t  changes f o r  con t ro l  were s e l e c t e d  to  be  20 percent  of 
the  f a n  3ominal lift during takeoff.  This level of control  power is  con- 
sistent: with the r e s u l t s  of numerous aircraft system s tud ie s .  The duration 
and f requency  of these  c o n t r o l  excursions, t o  be used i n  t h e  design of 
propulsion for t he  RTA, are as shown i n  F igu re  2. 
Idle  
Cruise  Miss ion  3 STOLCi rcu i t s  2 V T O L C i r c u i t s  
Time , minutos 
Figure  1. R TA Mis  z i o i ~  Duty :;ycle. 
0 
Cont ro l  
Level 
F i g u r e  2. Control  13uty Cycle. 
3.2 Design LiEc 
Design l i f e  of t h e  propulsion system has o s i g n i f i c a n t  e f f e c t  on 
system wcight: and cost,  For the rescorch typo mission, tho percent: of 
exposure t lmc to high power l e v e l s  and t h e  number of s t a r t - s t o p  cycles  ero 
a l s o  rolntfvoly high, Combining t h c s o  effects,  the design l i f e  s e l e c t e d  
Eor these  desibn s t u d i e s  waa as fo l lows :  
c o l d  p a r t s . .  .1200 hours. 
Bascd on t h e  BTA duty  cycle, t h e  time i n  VTO mode was set a t  10 percent of 
tho  design life and t h e  number of s t a r t - s t o p  c y c l e s  s h a l l  be a t  l e a s t  1 2  
per hour of life, 
3.3 Design Requirements 
T h e  design requLrements c s t a b l i e h e d  for the design s t u d i e s  were baaed 
on t h e  requirements of Raference 2,  w i t h  m o d i f i c a t i o n s .  The s i g n i f i c a n t  
changes t o  the s p e c i f i c a t i o n s  include the fo l lowing :  
Bi rd  i n g e s t i o n  l i m i t e d  t o  one  2.2 pound b i r d  with aome 
minor fan damage. 
a Reduced minimum l o a d s  o f  2.0  rndinna per  second moximum. 
o NO p r o v i s i o n  f o r  f a n  b l ade  containment.  
Reduct ion of sand i n g e s t i o n  r e q u i r a n c n t s  to two hours.  
I n  a d d i t i o n  t o  t h e  military s t a n d a r d  requ i rements ,  c e r t a i n  desirable 
design features  o r  requ i rements  were a l s o  e s t a b l i s h e d ,  such  as: 
On-wing f an  blade,  r o t o r  disk, and sump removal,. 
a I n t e g r a l  fan l u b r i c a t i o n  system, s e p a r a t e  from the engine. 
a P r o v i s i o n s  f o r  aircraft a c c e s s o r y  power t a k e o f f  from the f a n  
s h a f t ,  
3 . 4  Gas Generator 
The YJ97-GE-100 gas g e n e r a t o r  was selected for t h e  RTA syatem b a ~ e d  on 
engine availability, low c o s t  f o r  r e fu rb i shment  of the cngine, and the good 
match of a v d l a b l e  gas horsepower. A s  e s t a b l i s h e d  i n  t h e  RTA requ i rements ,  
the a i r c r a f t  sha l l  be  c a p a b l e  of a  v e r t i c a l  landing fo l lowing  fa i lure  of 
one of the gas g e n e r a t o r s .  T h i s  requirement  n e c e s s i t a t e s  t h e  u s e  o f  three 
gas g e n e r a t o r s  f o r  the aystem, 
The p r o p u l s i o n  packa8e f o r  t h e  RTA t hus  c o n s i s t s  of t h r e e  gas-coupled 
LCF459 f ons and t h r e e  YJ97-GE-100 engines .  
The LCF459 i a  a high bypass Pnn system gas-couplod t o  n romoto gas 
source or ongiue. Figure 3 shows n skotch oP the LCF45B ae the  design 
oxievl;ad a t  tho initiation of tlioso cust reduction s t u d i e s ,  Details of Lha 
dosign a m  givon in noforancas 1 nnd 3. Tho major fnn components nro 
i d o n t i P i o d ,  such ns tho  scrol l ,  roar frame, fan  rotor, t i p  turbine, and 
bonrlng s ~ s l a m ,  Tho Pan system is doeigncd t o  he se l l -sulf icfont ,  without 
using any gae gonorator sgstoms for l ~ b ~ i c a t l o n  or cooling. 
Scroll 
Figure 3,  UF459 Fan nt Conclusion of Preliminary Design S t u d i o s .  
5.0 COST REDUCTION STUDIES 
The primary object ive of tlie s tbd ica  was t o  reduce tho monufn~tur ing  
coats of the LCF459 t u r b o t i p  Eon system, Tl~e approach was t o  concont ta tc  
on thoflc arena wharc desi~n and/or m a t e r i a l  change0 would produce s i g n i f l -  
cant  savings.  The objectives -,fore t o  reduce the manufacturing coa t s  per 
u n i t  by 20 percant ,  The aroar given particular a t t e n t i o n  inaludad: 
Scrol l  dosign and mntcr ial .  
a Rotor blade material+ 
r Method of r o t o r  blado t o  tu rb ine  c a r r i e r  ottachtnent. 
r Rear frame mntct2nl .  
Lubr ica t ion  system and sumpe. 
The fol lowing d iscuss ion  descr ibes  t he  design features considered and t h e  
r e s u l t s  of t l ~ e s a  cos t  reduct ion  s t u d i e s ,  
5.1 Scroll  
The s c r o l l  of a t u r b o t i p  fan i s  normally the highes t  va lue  component 
of the fan assembly, represeraking about one-third of the  t o t a l  cosr .  Cost 
reduct ion s t u d i e s  of t h i s  conponent were d i r e c t e d  a t  fou r  a r e a s  of the 
design : 
Material changes, p a r t i c u l a r l y  from Rent5 4 1  t o  HS188 f o r  the  
major scroll s t r u c t u r e ,  
El lminat ion of t h e  inner-ou t e r  s c ro l l ,  conf igura t ion .  
9 Simpl i f i ca t ion  of s c r o l l  mounting. 
S impl i f i ca t ion  of s c r o l l  s t r u c t u r e  around the i n l e t  duct.  
The r e f e rence  LCFh59 s c r o l l  as d e f i n e d  at  the conclusion of the pre- 
liminary des ign  s tud ie s  incorporated nn inner and ou te r  s c r o l l  arrangement. 
A sketch of t h i s  arrangement is shown i n  Figure f r ,  The requirement f o r  the 
double scroll arrangement is brought about by the  scroll opera t ing  a reas  
required f o r  a two engine, t h ree  f an  arrangement* Operat ional  V/STOL 
systems, as proposed by the aizframers ,  use two engines divided among three 
Enns i n  t,he takeoff mode, Thus t h c  s c r o l l  f o r  each f a n  i s  f e d  through the 
240' outor  scroll w i t h  the 120' segment closed by n valve located 
a t  t h e  i n l e t  t o  the inner scroll, Figure 4 .  If a  s i n g l e  wa l l  s c r o l l  con- 
f i g u r a t i o n  were used, t h e  i n a c t i v e  a r c  would have a  low duc t  metal  o r  s k i n  
temperature w h i l e  the a c t i v e  a r c  would be a t  engine exhaust gas temperature. 
This large  temperature difference,  ac t ive  versus  i n a c t i v e  a r c s ,  would 
Vnlvo 
Pla t e 
Figure 4. Scroll, Double-Wall Dosfgn Shutoff Valve. 
produce i n t o l e r a b l e  thermal atrese and d i s t o r t i o n  of t h e  scroll s t r u c t u r e .  
Thc double s c r o l l ,  inner  and ou te r ,  i n  t h e  method s e l e c t e d  t o  yield more 
untform tempcraturos and thue acceptable  ~2resses  and d i s t o r t i o n .  This 
double w a l l  conf igura t ion  represented n r e l a t i v e l y  expensive but  d e s i r a b l e  
nrrnnpmelr t: , 
For systems operat ing a t  t hc  tnkeoff condi t ion  i n  an RTA, t h r e e  gas 
genera tors  w i l l  be  used t o  d r i v e  three, f ans  and t h e  s c r o l l  w i l l  be  uniformly 
heated. The temperature d i f f e r ence  due t o  p a r t i a l  a r c  opera t ion ,  and t h e  
requirement f o r  a double w a l l  s c r o l l  no longer  e x i s t .  Ilowever, p a r t i a l  a r c  
o p e r ~ ~ e i o n  i s  s t i l l  required during one engine inope ra t ive  (OEI)  condi t ions ,  
and s c r o l l  ehuLoif is accomplished uning a  va lve  i n  one arm of t h e  scroll, 
Figure  5. This  method of p a r t i a l  arc opera t ion ;  f o r  an RTA, i s  acceptab le  
£or  the fol lowing reasons: 
OEI condi t ions  w i l l  e ~ i a t  only a f t e r  the f a n  bas been opera t ing  
f o r  some time n t  the Eull-arc.  all engine opera t ing  condit ion.  
The full s c r o l l  s t r u c t u r e  would be uniformly heated. 
Operation i n  the  OEI condit ion w i l l  occur f o r  only about 30 
seconds, during which time tho inactive arc structure will not 
c c o l  down s i g n i f i c a n t l y ,  
OEI cond i t i o l~c  arc  not  a  nurmal, every f l i g h t  occurrence. OEI 
opera t ion  w i l l  probably be inves t iga t ed  during RTA f l i g h t  
t e s t i n g  F G ~  will represent  only about 5 t o  1Q percent  of the 
t o t a l  fan opera t ing  time. 
A s i g n i f i c a n t  s c r o l l  cos t  reduct ion was achieved by e l imina t ion  of t he  
double w a l l  construct ion.  Another s i g n i f i c a n t  s c r o l l  coa t  reduct ion  can be 
obtained through s u b s t i t u t i o n  of a l e s s  exo t i c  ma te r i a l  i n  p lace  of t h e  
Ren6 4 1 ,  F i r s t ,  the  temperature l e v e l s  w i l l  be  lower f o r  the  YJ97-GE-100 
engine as compared t o  growth 597 o r  advanced cyc le  engines.  Secondly, the  
engines w i l l  opera te  a t  lower power s e t t i n g s  ~ I n c e  a t h r e e  engine-LCF459 
conf igura t ion  w i l l  b.me a maximum t h r u s t  c a p a b i l i t y  of about 146.8 kN 
(33,000 pounds) as compared t o  an a i r c r a f t  t h r u s t  requirement of about 
124.6 la (28,000 pounds). A t  t h i s  reduced t h r u s t  s e t t i n g ,  t he  s c r o l l  
temperature w i l l  be  s i g n i f i c a n t l y  lower, 
The two l e s s  exo t i c  ma te r i a l s  considered f o r  Eabr ica t ion  of t h e  s c r o l l  
were Has'telloy X and 115188, Both of these  ma te r i a l s  have been used f o r  t h e  
Eabricat ion of s c r o l l s ,  duct ing,  and d i v e r t e r  va lves  o f  previous tu rbo t ip  
systems. The HS188 m a t e r i a l  wan se l ec t ed  f o r  t h e  s c r o l l  design because of 
i ts  h igher  rup tu re  s t r e n g t h  and d u c t i l i t y  along with r e l a t i v e  ease  of 
manufacture and f i e l d  weld r e p a i r ,  F igure  6 cLmpares t he  ma te r i a l  proper- 
t i e s  of 1Iastel loy X and IISl88. The one disadvantage oE t h e  115188 ie i t s  10% 
g r e a t e r  dens i ty  due t o  a  coba l t  base of HS188 versus n i ~ ~ e l  base 05 Hnstol- 
l o y  X* 
Shutoff  
Valve  
Figure 5. Scroll, Single-Wall Design. 
Time, Hours 
Figure G. Comparison o f  Wnstelloy X and HS188 Mnterial 
Proper t i e s  at 760' C (1400' F). 
One other f e a t u r e  t h a t  has been incorporated i n  t he  LCF459 opernr ionnl  
design was an e l l i p t i c a l  f lange  which permit ted removal and replacement of 
t h e  scroll  i n l e t  s ec t ions  t o  match mul t ip l e ,  l i f t / c r u i s e  and nose fan i n s t a l -  
l o t i o n s .  This arrangement was used t o  provide commonality i n  the design 
and thus ease t he  fan l o g i s t i c s  problem. 
For  a research fan  system, l o g i s t i c s  i~ not  as g r e a t  a problem. A 
s t u d y  wae undertaken t o  determine the r e l a t i v e  cos t  of keeping t h e  c l l i p t i -  
c a l  f l a n g e  deeign versus  meking two d i f f e r e n t  s c r o l l s  f o r  the p a r t i c u l a r  
i n s t a l l a t i o n s ,  The l a t t e r  case, two s c r o l l s ,  represented a  lower o v e r a l l  
cos t  than  t h e  e l l i p t i c a l  flange design. 
Other  minor design changes i n  the  s c r o l l  included the  method of s c r o l l  
mounting and sea l ing ,  The o r i g i n a l  design used an ax i a l  load s t o p  and I8 
t angen t i a l  load  p ins  f o r  s c r o l l  mounting, F igure  7, In  the  rev ised  design,  
t h e  s c r o l l  i s  mounted a t  t h r e e  equal ly spaced loca t ions .  Links a r e  used t o  
at tach t h e  s c r o l l  t o  the fan case. Replacement of the  p ins  with l i n k s  
reduces the p o s s i b i l i t y  a£ binding and excessive f r i c t i o n  during thermal 
growth of t h e  s c r o l l .  Figure 7 compares the c ros s  s ec t ions  of t h e  prel imi-  
nary and present  s c r o l l  designs. 
Manufacturing cost  es t imates  were made for the  two s c r o l l  designs.  A 
comparison of s c r o l l  u n i t  p r i c e  shows a c o s t  reduct ion of 1 7  percent  over 
the o r i g i n a l  design, 
The  n e t  r e s u l t  of t h e  design s tud ie s  produced a slight increase i n  
s c r o l l  weight from 111.1 kg (245 pounu-) for t he  prel iminary design t o  
116.1 kg (256 pounds) for this low cos t  design. 
5.2 Rotor 
The r o t o r  of a tu rbo t ip  f a n  includes t h e  f an  blades, the  t i p  t u rb ine ,  
the rotor d i s k  and stub s h a f t .  Cost reduct ion  s t u d i e s  f o r  these components 
included t h e  following: 
Fan blade m a t e r i a l  s u b s t i t u t i o n  f o r  t h e  proposed Ti 17 m a t e r i a l .  
Methods of f a n  b lade  t o  t u rb ine  t i p  tang attachment and tang 
cool ing.  
S impl i f i ca t ion  of d i s k - s t ~ b  s h a f t  design. 
The fan blade deeign s e l e c t e d  a t  the conclusion of the pre l iminary  
design used T i  1 7  mater ia l .  This t i tanium a l l o y  1s a high s t r e n g t h ,  h igh  
temperature ma te r i a l  presently used fo r  maiiufacture of ilotor disks. The 
LCF459 is  a new app l i ca t ion  f o r  t h i s  f an  blade ma te r i a l .  The use  of t h i s  
ma te r i a l  represented  a s i g n i f i c a n t l y  higher cost f o r  blade fo rg ings  as com- 
pared t o  the more conventional t i tanium a l loys .  
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Figure 7 .  Scroll Comparison. 
A study was performed t o  eva lua t e  t he  effects of s u b s t i t u t i n g  a more 
convent ional  T i  6-4 m a t e r i a l  f o r  t h e  blades. A comparison of t h e  m a t e r i a l  
proper t ies ,  Figure 8, shows the h ighe r  s t r e n g t h  af T i  17 on both a s t r e n g t h  
b a s i s  and f a t i g u e  c a p a b i l i t y .  For  the LCF459 blade  des ign ,  t he  T i  6-4 
m a t e r i a l  e x h i b i t s  adequate  m a t e r i a l  p r o p e r t i e s  providing t h e  tang tempero- 
Lure remains below 316" C (600" P). The low cycle f o t i a u e  (LCP) l i f e  a t  
t h i s  condi t ion  is 56,000 cycles .  For t h e  RTA duty cyc les  with 12 s t a r t -  
s t o p  cyc les  per  hour f o r  1200 hours,  t h e  c y c l i c  expoeure w i l l  be 14,400 i n  
t h e  l i f e  of the compone'nt. The 56,000 cyc le  c a p a b i l i t y  ie adequate t o  meet 
the  design s tandard  of having an LCF l i f e  equal  t o  a t  l e a s t  twice t h e  
expected c y c l i c  exposure,  
Tang attachment and cool ing studies weTe also conducted as p a r t  of 
t h i s  a c t i v i t y .  The r e s u l t s  of t he se  s t u d i e s  a r e  presented i n  the fol lowing 
d i scus s  ion.  
Previous t u r b o t i p  f a n  designs,  a s  well as the pre l iminary  LCF45Y 
design,  used a s i n g l e  through-bolt f o r  attachment of t h e  t u rb ine  c a r r i e r  t o  
t h e  f a n  blade t f p ,  This method of attachment requi red  both bolt sllonr 
and clamping force t o  zesiat t he  c a r r i e r  centr i fugal .  l oads ,  Without b o l t  
preload or claqping a c t i o n ,  t he  tang and b o l t  have adequate s t r e n g t h  but 
the LCP c a p a b i l i t y  is s i g n i f i c a n t l y  lower. 
For  exgmple, t h e  b a s e l i n e  LCF459 design used an 11-mm (7 /1~- inch)  bol t  
of a high s t r eng th  ( ~ ~ 5 1 9 )  mate r i a l .  Thie conf igura t ion  gave the fol lowing 
LCF capabilities a t  316' C (600' F). 
With preload - 49000 cycles 
Without pre load  - 9300 cyc l e s  
It i s  apparent t h a t  t h i s  design d i d  not  have adequate  LCF for the 
poss ib l e  c a s e  where the tang b o l t s  were not proper ly  torqued. Use of 
larger  bolts would make t h e  tang geometry too l a r g e  f o r  an a t t r a c t i v e  
design. 
A new supe r io r  tang attachment was def ined during these s t u d i e s .  mis 
conf igura t iun  employs both a tang b o l t  and a rabbet surface at  the end of 
the b lade  tang. A comparison of t he  o r i g i n a l  and modified tang at tachments  
i s  shown i n  F igure  9. 
The use of a r abbe t  attachment p e n i t s  use  of a  sma l l e r  bolt,8-mrn 
(5/16-inch), which dnes no t  r e l y  on preload f o r  load car ry ing .  Even without  
preload, t h e  LCF L i f e  5s 47,000 cyc les ,  which i s  more than adequate to  meet 
t h e  LCF d e s i g n  ob j ec t ives .  
All of tho  previous designs were postulated with the  assumption that t h e  
blade temperature a t  the blade  attachment i s  316' C (600' F) or less. A design 
s t u d y  was conducted t o  def ine  n tang cooling system t h a t  scrubbed tile sidewulls 
of the carrier with c o o l  air. A second f e a t u r e  a l s o  considered i n  the design 
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Figure 9, Fan Blade-Tip  Turbine Attachments. 
was the  cdpability t o  pump cooling air i n t o  the  forward seal cav i ty  t o  
reduce ho t  gas  leakage i n t o  tho Eon r o t o r  I n l e t .  T h i s  cooling scheme i 8  
shown schemat ica l ly  i n  Piguro 10. The c a r r i e r  aseembly ie shown schemati- 
c a l l y  in Figure  11. 
This cooling system picks up air at  the  Enn discharge through scoops 
on the fan flowpath l i n e r s .  The a i r  flows through the  mid-box cav i ty  and 
is  recovered by scoops f ab r i ca t ed  i n  t h e  r e a r  s i d e  of the c a r r i e r s .  Each 
of the  52 c a r r i e r s  has one scoop. Because of the t a n g e n t i a l  veloci ty  due 
t o  r o t a t i o n a l  speed, t h e  a i r  is pressur ized  and then flows through a passage 
i n  the  c a r r i e r  t o  t he  forward air s e a l  pocket. Through proper  s i z i n g  of  
the scoop areas, the pressure i n  t h e  c a v i t y  is assured t o  b e  adequate for 
flow t o  pass from the  sea l  cav i ty  i n t o  both the  tu rb ine  and f an  flow paths ,  
An os t imcte  of design p o i n t  air flow r a t e s  i s  shown by P2gure 10. For t he  
final design of tile cool ing e y s t m ,  more d e t a i l e d  ca l .cu la t ions  involving 
clearance v a r i a t i o n  with speed and temperature must be completed. The 
I n i t i a l  a n a l y s i s  does show t h a t  the cool ing system is  adequate t o  ensure 
cool  a i r  scrubbing on both sides of the  carrier, Initial es t imates  I n d i c a t e  
that  the  tang temperature w i l l  be below 316" C (600' F) a s  requi red  for the 
app l i ca t ion  o f  T i  6-4 a s  t h e  blade ma te r i a l .  
Another minor modif ica t ion  of the reduced cost r o t o r  design occurs  i n  
t he  disk s t u b  s h a f t .  I n  t h e  prel iminary LCF459 design,  the s tub  s h a f t  was 
i n e r t i a  welded directly t o  t h e  fan d i s k  as a weight reduct ion technique. A 
bolted f l a n g e  ie j u s t  as adequate and r ep re sen t s  a Lower cost design f o r  
the smal l  number of u n i t s  r equ i r ed  f o r  a research program. Figure 12 
compares t h e  bolted dcsign with  the  o r i g i n a l  i n e r t i a  welded disk-shaft .  
The n e t  result of the design s t u d i e s  i n  the r o t o r  a r e a  produced a 10 
percent c o s t  reduction, primari ly due t o  s u b s t i t u t i o n  of T i  6-4 f o r  t h e  T i  
1 7  blade mate r i a l .  There was no s i g n i f i c a n t  change of t he  r o t o r  weight. 
5.3 Rear Frame 
The des ign  s tud ie s  of the  rear frame, d i r ec t ed  towards c o s t  reduct ions ,  
centered around two arans. 
r M a t e r i a l  s u b s t i t u t i o n s  
Fab r i ca t ion  methods 
The r e a r  frame io a f a b r i c a t e d  component. Mater ia l  f a b r i c a t f o n  proper- 
t i e s  and raw mate r i a l  costs have a s i g n i f i c a n t  impact on the  total p a r t  
cos t .  The preliminary design frame of t h e  LCF459 was f ab r i ca t ed  mainly of 
Inco 718 ma te r i a l .  T h i s  m a t e r i a l  is a high s t r e n g t h ,  high temperature 
n i c k e l  base sheet, bar,  and cast material. A lower temperature i ron  base 
material, 17-4PH, was s tudied  for application i n  st reduced cbst frame design. 
The major d i f ference  in material properties occurs  i n  the  maximum temperature 
c n p n b i l i t y ,  316' C (600' F) for 17-4PH versus 649' C (1200° P) for  Inco 718. 
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Fiyure 10. Carr ier  Cooling - Air Fxmp System. 
F i g u r e  11. C a r r i e r  Assembly. 
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Figure 12. D i s k  Shaft Attachment Comparison. 
The major por t ion  of t h o  fan fromo is subjec ted  t o  the cold flow 
environment of t h e  Pan exhaust: stream. The only hot  sections are the ourar 
10 cm (4 inch)  of t he  annulus.  Tlie f u l l  ou t e r  ca se  of the  Erme w i l l  be 
cooled t o  a maximum of 232' C (450" I?) t o  maintain low thermal strcaacs and 
nccoptable acal clearonccs between t h e  cnee and the ion and tu rb ine  t ipe ,  
S u b s t i t u t i o n  of t he  17-4PII material would r e q u i r e  only a minor mount of  
addit tono5 s t r u c t u n ~ l  cool ing where t he  e t r u c s  p o ~ e  through t h e  h o t  t u rb ine  
cxhauet, and t he re fo re  is  a reasonable material change. 
Three methods o f  cool ing  tho s t r u t s  were coneidercdr  film, convection, 
nnd Impingomont. The f low r a t e s  required for theeo three cooling mrethods 
are a s  Eollowe: 
Cooling 
F i l m  
Convection 
Zrnplng emen t 
Flow 
-
(kg/ sec) ( l b / sec )  
The impingement cool ing  system was ee lec ted  b n ~ e d  on the l e e s t  r i s k ,  
lowos t coat , and lowor flow roquiramonts, 
Another fairly s i zeab le  coat  r o d u c t ~ o n  was accomplished by changing 
the type of panels that separate the fan  and tu rb ine  flowparhe, as shown I n  
Figure 3. The original prel iminary design used f a b r i c a t e d  honeycomb panels 
of Hastel loy X mate r i a l ,  The rev ised  design uses chem-milled waf f l e  type  
panels of t h e  same material ,  The major coot: reduct ions occur because of 
the change i n  fabricat ion  rnethoda. F igure  13 shows o cornpariaon of t h e  
frame o u t e r  s t r u c t u r e  f o r  the o r i g i n a l  prciiminnry and present  designa. 
The r e s u l t s  of t h e  frame cos t  reduct ions ,  material s u b s t i t u t i o n ,  and 
f a b r i c a t i o n  methods gave an estimated development manufacturing cost  24 
percent lower than t h e  o r i g i n a l  design, A weight i nc rease  occurred, with n 
new Ernme weight of 122 kg (270 pounds) compared t o  t h e  o r i g i n a l  of 107 kg 
(235 pounds). 
5.4 Bearings and Sump 
The des ign  requirement ha8 been es tab l i shed  that each remote f a n  . 
system s h a l l  have i ts  OWXI i n t e g r a l  l u b r i c a t i o n  system. A t  t h e  conclusion 
o f  the  pre l iminary  design,  the bearing and l u b r i c a t i o n  system was as shown 
i n  F i g u r e  14.  The  conf igura t ion  contained a f a n  d r i v e r  lubrication-scavenge 
pump, with remotely located o i l  tank and hea t  exchanger. Both the  o i l  tank 
and heat exchanger would be a i r c r a f t - fu rn i shed  components i n  thia  configura- 
t i on .  
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As part of those design a c t i v i t i e s ,  studies were conducted t o  def ine  n 
more s i m p l i f i e d  and rel iable  method of l u b r i c a t i n g  the Enn bearings.  These 
studies d e f i n e d  tllc conf igura t ion  as shown i n  Plgure 15. The unique feature 
of this design is the u s e  of viscous pumps for supplying o i l  t o  the beatings. 
The conf igura t ion  uses two r o t a t i n g  disks o r  pump8 mounted on the 
r o t o r  shaft t o  pump o i l  i n t o  a c o l l e c t o r  tube,  T h i s  c o l l e c t o r  passage 
directs  t h e  oil flow into an a i r - to -o i l  heat exchanger, The out l e t  of the 
heat  exchanger  then feeds oil through a jet  i n t o  n pocket i n  the r o t a t i n g  
s h a f t .  O r i f i c e a i n t h a  rotating shaft meter the o i l  to the bearing inner rnce. 
Bearing under-rnce lubrication is thus provided. The discharge oil is col- 
lactad i n  t h e  reservoir, which i s  an integral part of the  bearing housing. 
The d i s k  pump picks  up  t h o  o i l  from t h i s  reservoir t o  close tho cycle. A 
r o t a t i n g  a i r - o i l  separator is l o c a t e d  i n  t he  forward p a r t  of the bearing 
housing and d i s k  support cone. Oil cooling is provided f o r  diechaxge a i r  
which is used t o  v , a n t i l a t e  the cavi ty  around the r e s e r v o i r  and h e a t  exchanger. 
Tho new sump and l u b r i c a t i o n  system represent n more rel iable  design 
over the  i n i t i a l  system. A highly rel iable viscous pump, s i m i l a r  t o  a 
proven design used  on t h e  CF6 engine ,  replaces the normal l u b r i c a t i o n  and 
scavenge pumps. The complete reeervoir and heat exchanger system is in tegra l  
with t h e  bearing housing and provides a  small compact system. The impact 
of this new design haa only  a minor d f e c t  on f a n  cost and weight,  but 
prov ides  a much more r e l i a b l e  and s i m p l i f i e d  system. 
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Figure 15. Revised D e s i g n  Sump. 
6.0 CONCLUSIONS 
7. 
Trade s t u d i e s  were performed t o  de f ine  deaign changes on the  U P 4 5 9  
which r ep re sen t  a significant:  reduct ion  of f a n  u n i t  manufacttiring cos t .  
Some of the design changes were poss ib l e  because i n  the RTA system, t h e  Eon 
is restricted t o  operat ion wi th  t h e  YJ97-GE-I00 i n  a  t h r e e  fan-three engine 
arrangement. The major deelgn changes s e l e c t e d  for carry-over i n t o  t h e  
d e t a i l  design phase are:  
T i  6-4 ma te r i a l  for  f a n  blades.  
Turbine c a r r i e r  wi th  rabbet  attachment and cool ing scoops. 
HS188 mataris1 f o r  ~ c r o l l .  
a Sing le  bubble s c r o l l  mounted t o  t h e  frame using l i n k s .  
17-4PH material fan frame with s imp l i f i ed  flowpnth l i n e r s .  
I n t e g r a l  l u b r i c a t i o n  system using viscous pumps. 
The effect of those design changes is an o v e r a l l  14 percent reduct ion 
i n  fan unit manufacturing costs. Tho breakdown of the  c o s t  reductions fo r  
each fnn major component is  as follows: 
Cost (pct of Cost Reduction 
Component fan  assembly) (percent)  
S c r o l l  
Frame 
Rotor 
Sump 
Minor P a r t s  
T o t a l  100.0 1 4  
The des ign  changes w i l l .  a l s o  r e s u l t  i n  a lower r i s k ,  more h i g h l y  reliable 
f a n  system f o r  t h e  RTA. At the expense of these  changes, t h e r e  is a  s l i g h t  
increase  i n  f a n  weight. The weight  breakdown of the preliminary design 
conf igura t ion  and t h e  f a n  a t  the conclusion of these s t u d i e s  is as fol lows:  
Component PD Weight: 
(kg) (lb 
Rotor  14 1 311 
Beargngs & Sump 27 59 
Frame 10 7 235 
Scroll 111 243 
Total 386 8 50 
Current Wei~ht 
(kg 1 ' (lb) 
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